Tropical Cyclone Modelling with TELEMAC-2D by Cooper, Alan et al.
Conference Paper, Published Version
Cooper, Alan; Turnbull, Michael; Grey, Stephen; Loilier, Pauline
Tropical Cyclone Modelling with TELEMAC-2D
Zur Verfügung gestellt in Kooperation mit/Provided in Cooperation with:
TELEMAC-MASCARET Core Group
Verfügbar unter/Available at: https://hdl.handle.net/20.500.11970/100426
Vorgeschlagene Zitierweise/Suggested citation:
Cooper, Alan; Turnbull, Michael; Grey, Stephen; Loilier, Pauline (2013): Tropical Cyclone
Modelling with TELEMAC-2D. In: Kopmann, Rebekka; Goll, Annalena (Hg.): XXth TELEMAC-
MASCARET. User Conference 2013. Karlsruhe: Bundesanstalt für Wasserbau. S. 43-45.
Standardnutzungsbedingungen/Terms of Use:
Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewährten Nutzungsrechte.
Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.

XXth TELEMAC-MASCARET User Conference Karlsruhe, October 16–18, 2013 
 
 
 
Tropical cyclones are characterised by a strong, circular 
wind field that can be represented approximately in a 1D 
model as the wind and pressure vary mostly in the radial 
direction. The atmospheric pressure is a minimum at the 
centre of the storm. 
The available information on a cyclonic storm is likely to 
include that given above (track, central pressure, maximum 
wind speed and sometimes radius to maximum wind speed) 
although the radius to maximum wind is not always known. 
Under these circumstances it is usual to create a schematic 
wind and pressure model and compare it as far as is possible 
with any wind and pressure data that are available. Another 
possibility could be to use a detailed atmospheric model to 
simulate the wind and pressure fields, but that was not the 
method chosen in this case. 
Flow model simulations carried out included the 
following: 
- Using a wind field from Holland (1980) or Jelesnianski 
and Taylor (1973) 
At each location in each wind field, the wind speed was 
determined based on the parameters of the cyclone at the 
time and the distance of the point from the centre of cyclone. 
Both Jelesnianski and Taylor (1973) and Holland (1980) 
formulations were implemented in the model. 
The relation used from Jelesnianski and Taylor (1973) is: 
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where Ui (m/s) is the speed at location i, r is the distance of i 
(km) from the centre of the cyclone, Umax is the maximum 
wind speed (m/s) and Rmax is the radius of the maximum 
wind speed (km).  
 
The wind velocity given in Holland (1980) is: 
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The β coefficient is calculated from the central pressure 
drop Pdrop (Pa) and the maximum wind velocity Umax (m/s) 
as: 
 dropPeU ρβ 2max=  (3) 
with ρ is density of air and e the base of natural logarithms. 
The representation of the wind was best achieved using 
the Holland (1980) wind formulation (see Fig. 2). This is 
partly because the Holland beta coefficient allows for 
reproducing different profile shapes of the radial wind speed 
distribution.  
 
Figure 2.  Comparison of modelled and observed wind speed time 
histories. 
- Including/excluding the forward tracking speed in 
computing the wind field  
The forward tracking speed of the cyclone is added into 
the cyclone wind field based upon a formulation of 
McConochie et al (2004). This method allows the 
contribution of the forward tracking speed to decrease with 
increasing distance from the centre of the storm. By adding 
in the forward tracking speed the wind speed on one side of 
the cyclone is increased and that on the other side decreased 
so the cyclone is no longer circularly symmetric.   
- Including/excluding the inward angle of the wind  
It is expected that the wind close to the ground will have 
a component of flow towards the centre of the cyclone 
driven by the low pressure there. 
The winds circulate clockwise around a southern 
hemisphere cyclone. The direction of the wind is assumed to 
be close to a circular wind field but with an inflow angle 
dependent on the distance from the centre. The wind inflow 
angle, β, follows the relation: 
0 ≤ r < Rmax     β = r/Rmax × 10° 
Rmax ≤ r ≤ 1.2 Rmax  β = 10° + 5(r/Rmax – 1) × 15° 
r > 1.2 Rmax           β = 25°  
 (4) 
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- Including/excluding the effect of the tide 
The TELEMAC-2D simulation shows a large surge 
spread along the coast (Fig. 3). The surge was strong due to 
the particularly high speed cyclone winds and the broad 
continental shelf. At Cardwell which lies close to where the 
wind was strongest the surge was also enhanced by 
constriction of the surge within the bay. 
In the case of cyclone Yasi the best schematic wind 
representation was using the Holland (1980) model with time 
varying beta value. The best simulation of the peak surge 
levels (Fig. 4) at the tide gauge locations included: 
• adding the forward tracking speed of the storm (so 
the wind field is not symmetrical) 
• an inward angle of the wind near the ground.  
• The flow modelling included the tide (but it did not 
make a great difference if the tide was not modelled) 
• an enhanced friction at the location of the Great 
Barrier Reef (location shown in Fig. 1).  
In this best simulation the mean value over 7 tide gauges 
of the absolute error in the predicted peak storm surge was 
0.33m. 
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Figure 3.  TELEMAC-2D simulation of water level due to Cyclone Yasi 
at the time of maximum surge at Cardwell. The arrows show wind vectors. 
 
 
Figure 4.  Comparison of modelled and observed storm surge water levels. 
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